data in D 2 O were essentially the same as those of a synthetic compound, the aglycone of which is the enantiomer of that of 1.
2) This was also supported by the circular dichroism (CD) spectrum in which the opposite Cotton effects to those of the aglycone of 1 were observed.
3) Although this compound is known as a synthetic compound, [a] D ϩ9.3°, it is now isolated for the first time from a natural source.
Glochidionolactones B (3) and C (4) were obtained as amorphous powders, and had the same elemental composition, which corresponded to C 14 H 20 O 8 by HR-FAB-MS. The IR and UV spectra of 4 indicated the presence of an a,b-unsaturated g-lactone (1736 cm Ϫ1 and 211 nm, respectively). The 13 C-NMR spectra showed that both compounds had the same functionalities in the aglycone part, namely one carbonyl carbon, three methine carbons, two of which are oxygen-bearing, three methylene carbons and one trisubstituted double bond. From the results of two-dimensional NMR spectroscopy, for example 1 H-1 H correlation spectrometry and heteronuclear single quantum correlation spectroscopy, the structures of 3 and 4 were also butenolide glucosides having a double bond between the 1 and 7 positions. Their 1 H-NMR spectra indicated that the relative configurations within the six-membered rings were the same, since the coupling patterns and coupling constants for their protons were indistinguishable. Thus, the aglycones were presumed to be enantiomers of each other. One of the aglycones, which had the 4R and 6R configurations (8) was isolated from Sinomenium acutum, and its configuration was determined by X-ray crystallographic analysis of it p-bromobenzoate.
3) The CD spectrum of 3 revealed a negative Cotton effect at 209 nm, which is similar to the reported data for 8, whereas that of 4 showed a positive one at 210 nm. Since the H-4 protons of both compounds appeared as tt [d H 4.06 (Jϭ4, 12 Hz) and 4.05 (Jϭ4, 12 Hz) , respectively], the hydroxyl groups had to be in the equatorial orientation. Therefore, b-D-glucosylation-induced shift trends in the 13 C-NMR spectra were also applied to confirm the configurations. 4) On going from 8 to 3 and 4, in each case, the methylene carbon signals (C-3 and C-5) of the so-called pro-S sides shifted upfield more than those of the so called pro-R sides (see Table 1 ). Finally, the structures of glochidionolactones B and C were elucidated to be 3 and (4R,6R) and 4 (4S,6S) as shown.
Glochidionolactone D (5) was obtained as crystals (mp 160-165°), and its elemental composition was determined to be C 21 H 24 O 12 by HR-FAB-MS. The 1 H-and 13 C-NMR spectra indicated that 5 is also a butenolide glucoside with an additional acyl moiety. The structure of the acyl moiety was elucidated to be that of a symmetrically substituted benzoic acid with three hydroxyl substituents, such as gallic acid. The acyl ester was located on the hydroxyl group at the C-6Ј position of the glucopyranose on the basis of the 13 C-NMR data. The absolute stereochemistry of the aglycone portion must be the same as that of 4, since the same b-D-glucosylation-induced upfield shifts were observed at the C-3 and C-5 positions. Therefore, the structure of 5 was elucidated to be glochidionolactone C 6Ј-O-gallic acid ester, as shown in Fig.  1 .
Glochidionolactone E (6) was obtained as an amorphous powder and the spectroscopic evidence indicated that 6 was an analogous compound to 3 and 4, except for the position of a double bond. Since two olefinic protons were observed in the 1 H-NMR spectrum, the double bond must be located between C-2 and C-3. Inspection of the phase-sensitive nuclear Overhauser effect spectrum indicated that the two protons at the C-1 and 6 positions were on the same face, however, the absolute configurations could not determined from the b-Dglucosylation-induced shift trends in the 13 C-NMR spectrum, since the hydroxyl group at the 4-position was not in the typical equatorial orientation due to the presence of an adjacent double bond [H-4, d H 4.41 (m) ]. Thus, 6 was catalytically reduced to give dihydroglochidionolactone E (9) and then hydrolyzed with emulsin to give the reduced aglycone (10) and D-glucose. The application of the b-D-glucosylation-induced shift trends in the 13 C-NMR chemical shifts of these reduced derivatives may led to the conclusion that C-4 has the S-configuration in 9 and, in turn, the R configuration in 6 (see 548 Vol. 48, No. 4 Table 1 ). 4) The quartet proton signal on C-6 suggests that it bisects the two protons at C-5, and the angles between the C-1-H-1 and C-6-H-6 axes must be nearly 60°. This evidence required that the two substituents at C-1 and 6 must oriented towards the same side as the proton at the 4-position. Therefore, the absolute configurations of the 1-and 6-positions were expected to be R and R, respectively in 9 and, in turn, R and S, respectively, in 6. However, there was still the slight ambiguity that when the b-D-glucopyranosylation-shift induced shift trends were applied between 9 and 10, the proton at the 4-position of 9 appeared as triplets of triplet with coupling constants of 4 and 10 Hz (see those of 3 and 4). This implied that the hydroxyl group was in the pseudoequatorial orientation. To confirm the absolute configurations, the reduced aglycone (10) was derivatized to its p-bromobenzoate (11). X-ray crystallographic analysis was performed. The absolute configuration of the stereogenic carbons was determined by Bijvoet's anomalous dispersion method (Table 2) 5) to be 1R, 4S and 6R. The results are consistent with the spectroscopic data discussed above. A perspective drawing is shown in Fig. 2 .
Glochidionolactone F (7) was obtained as an amorphous powder and its elemental composition was determined to be C 21 H 24 O 12 by HR-FAB-MS. The spectroscopic data indicated that 7 was the gallic acid ester of 6 and that the position of esterification was the hydroxyl group at C-6Ј. Therefore, the structure of 7 was elucidated to be glochidionolactone E 6Ј-O-gallic acid ester, as shown.
It is rare for both enantiomers of compounds with more than two chiral centers to be found in the same batch of plant extract.
6) Formation of both enantiomers in the same plant draws an attention to what kind of enzyme systems are involved in the biosynthetic steps and/or non-enzymatic systems are operated in some steps of the biosynthetic pathway.
Experimental
Highly porous synthetic resin (Diaion HP-20) was purchased from Mitsubishi Kagaku (Tokyo). Silica gel column chromatography (CC) and reversed phase [octadecyl silica gel (ODS)] open CC (RPCC) were performed on silica gel 60 (Merck) and Cosmosil 75C 18 -OPN (Nacalai Tesque, Kyoto) [Fϭ50 mm, Lϭ25 cm, linear gradient: MeOH-H 2 O (1 : 9, 1 l)ϪϾ(7 : 3, 1 l), fractions of 10 g being collected], respectively. Droplet counter-current chromatography (DCCC) (Tokyo Rikakikai, Tokyo) was equipped with 500 glass columns (Fϭ2 mm, Lϭ40 cm), and the lower and upper layers of a solvent mixture of CHCl 3 -MeOH-H 2 O-n-PrOH (9 : 12 : 8 : 2) were used for the stationary and mobile phases, respectively. Five gram fractions were collected and numbered according to their order of elution with the mobile phase. HPLC was performed on ODS (Inertsil, GL Science, Tokyo, Fϭ6 mm, Lϭ250 mm) and eluate was monitored by UV and refractive index detectors. Emulsin was purchased from Sigma Chemical Co. (St. Louis, Mo, U.S.A.)
All melting points were determined with a Yanagimoto micro-melting point apparatus and are uncorrected. Optical rotations were measured on a Union Giken PM-101 digital polarimeter. IR spectra were measured on a Shimadzu IR-408 spectrophotometer and UV spectra on a Shimadzu UV-160A spectrophotometer. C-NMR spectra were taken on a JEOL JNM a-400 spectrometer at 400 MHz and 100 MHz, respectively, with tetramethylsilane (TMS) as an internal standard. Negative-ion HR-FAB-MS were taken on a JEOL JMS SX-102 spectrometer. CD spectra were obtained on a JASCO J-720 spectropolarimeter.
Plant Material The leaves of Glochidion zeylanicum (GAERTN) A. JUSS (Euphorbiaceae) were collected in Okinawa, Japan, in August 1990, and a voucher specimen was deposited in the Herbarium of the Institute of Pharmaceutical Sciences, Hiroshima University Faculty of Medicine (90-GZ- There are two independent molecules in the asymmetric unit. Compound has X-ray crystallographic numbering.
Okinawa-0822).
Extraction and Fractionation The air-dried leaves of G. zeylanicum (4.72 kg) were extracted with MeOH three times. The MeOH extract was concentrated to 1.5 l, and then 75 ml of H 2 O was added to make a 95% aqueous solution. This solution was washed with 1.5 l of n-hexane and then the methanolic layer was concentrated to a viscous gum. The gummy residue was suspended in 1.5 l of H 2 O, and then extracted with 1.5 l each of EtOAc and n-BuOH, successively, to give 75.7 g and 108 g of EtOAc and n-BuOH soluble fractions, respectively. The n-BuOH extract (107 g) was subjected to highly porous synthetic resin (Diaion HP-20) CC (Mitsubishi Chemical Co. Ltd., Fϭ80 mm, Lϭ55 cm), using H 2 O-MeOH (4 : 1, 6 l), (2 : 3, 6 l), (3 : 2, 6 l) and (1 : 4, 6 l), and MeOH (6 l), 2 l fractions being collected. Fractions 2 and 3 were combined (10.6 g) and then subjected to silica gel (150 g) CC eluting with CHCl 3 (1 l), CHCl 3 -MeOH (49 : 1, 2 l), (24 : 1, 2 l), (37 : 3, 2 l), (9 : 1, 2 l), (7 : 1, 2 l), (17 : 3, 2 l), (4 : 1, 2 l) and (31 : 9, 2 l), 500 ml fractions being collected. Combined fractions 15-21 (1.49 g) were then separated by RPCC. The residue (400 mg) of fractions 32-43 was subjected to DCCC and then the residue (271 mg) in fractions 30-37 was subjected to Sephadex LH-20 CC (Fϭ20 mm, Lϭ125 cm, MeOH, 5 g fractions being collected) to give two fractions (181 mg in fractions 37-49 and 67 mg in fractions 65-70). Finally, repeated HPLC [H 2 O-MeOH (19 : 1)] afforded butenolide glucosides in the following yields: 1 (9 mg), 2 (36 mg), 3 (11 mg), 4 (54 mg), and 6 (34 mg).
The residue (28.7 g) of fractions 4-6, obtained on HP-20 CC, was subjected to silica gel (530 g) CC with a similar solvent system. The residue (1.69 g) of the 20% MeOH in CHCl 3 eluent was separated by RPCC (302 mg in fraction 75-88) and then by DCCC (99 mg in fractions 28-34) in a similar manner. HPLC separation [H 2 O-MeOH (4 : 1)] of the DCCC fraction gave 5 (50 mg) and 7 (25 mg).
Phyllanthurinolactone (1) 13 Hz, H-5a), 3.02 (1H, ttd, Jϭ1, 5, 11 Hz, 3.19 (1H, dd, Jϭ8, 9 Hz, 3.28 (1H, t, Jϭ9 Hz, 3.37 (1H, t, Jϭ9 Hz, 3.67 (1H, dd, Jϭ6, 12 Hz, 3.89 (1H, dd, Jϭ2, 12 Hz, H6Јb), 4.50 (1H, d, Jϭ8 Hz, 5.04 (1H, ddd, Jϭ2, 5, 13 Hz, 13 Hz, 3.00 (1H, td, Jϭ5, 11 Hz, 3.19 (1H, dd, Jϭ8, 9 Hz, 3.68 (1H, dd, Jϭ6, 12 Hz, 3.89 (1H, dd, Jϭ2, 12 Hz, 4.48 (1H, d, Jϭ8 Hz, 4.78 (1H, m, 5.08 (1H, ddd, Jϭ 2, 5, 13 Hz, 5.85 (1H, br s, 6.53 (1H, br d, Jϭ10 Hz, 6.65 (1H, dd, Jϭ3, 10 Hz, 1.45 (1H, m, m, 3b), m, 5b), 3.15 (1H, dd, Jϭ8, 9 Hz, 3.27 (1H, t, Jϭ9 Hz, 3.36 (1H, t, Jϭ9 Hz, 3.67 (1H, dd, Jϭ6, 12 Hz, 3.89 (1H, dd, Jϭ2, 12 Hz, . The intensities were measured in the w-scan mode for 2qϽ50°. Out of 5853 Friedel-pair reflections, 2252 with IϾ3.00s(I) were used for the structure determination and refinement. The structure was solved by the direct method using the TEXSAN crystallographic software package. 7) All H atoms were calculated at geometrical positions and not refined. The refinement of atomic parameters was carried out by full matrix least squares for all non-H atoms. The final refinement converged with Rϭ0.053 and R w ϭ0.059 for 361 parameters. The minimum and maximum peaks in the final difference Fourier map were Ϫ0.41 and ϩ0.45 eÅ 3 . The absolute configuration of the molecule was determined by Bijovet's anomalous-dispersion method 5) based on the observed and calculated structure factors of 25 Friedel pairs ( Table 2) .
The final atom coordinates, and a list of the tempreture factors and final structure factors have been deposited in the Cambridge Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB12 1EW, U.K.
